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THE CITY COLLEGE OF NEW YORK
ABSTRACT
Evidence for the Drainage of a Supraglacial Lake as the Source of Seismic Waves
Recorded at Regional Distance
by Erik J. Orantes
Surface melting during the summer leads to the formation of lakes on the Greenland Ice
Sheet surface, known as supraglacial lakes. Some of these lakes drain through cracks in
their beds and release the water into the ice sheet. Previous studies suggest that some of
the water reaches the bedrock, enabling basal sliding, which could potentially increase
glacial discharge (Sundal et al., 2009). Das et al. (2008) showed that supraglacial lake
drainage can be accompanied by seismic activity, but little work has been done on the
regional detection of such waves. The present study analyzes seismic data for the period
coincident with the drainage of a supraglacial lake, an event that was documented by a
team of researchers (Tedesco, et al., 2013). The study uses all available high frequency
seismic data from the Greenland Ice Sheet Monitoring Network (GLISN) for the time
around the onset of sudden drainage on June 19, 2011. Linear trends from a plot of
seismic arrival times vs. distance from the lake location indicate seismic wave velocities of
292 and 378 m/s. These velocities are too slow for waves to be traveling through either
rock or solid ice. Our current hypothesis is that they are traveling in a low-velocity
channel of till underneath the ice. This would be consistent with the low attenuation
required for the propagation of high frequency energy over regional distances. This
research is relevant because it has become increasingly important to study how the
surface-to-base interaction affects ice sheet discharge and therefore, sea level rise.

TABLE OF CONTENTS

List of Figures ............................................................................................................................... ii
List of Tables ................................................................................................................................ iii
Acknowledgments ....................................................................................................................... iv
Chapter I: Introduction ............................................................................................................... 1
Chapter II: Methods..................................................................................................................... 5
Chapter III: Results .................................................................................................................... 19
3.1 Seismic Data/Seismograms ........................................................................................ 19
3.2 Seismic Arrivals ............................................................................................................. 22
3.3 Time-Distance Graph .................................................................................................. 23
3.4 Linear Trends, Lake Ponting ...................................................................................... 24
3.5 Correction for Instrument Response ........................................................................ 28
3.6 Earthquakes ................................................................................................................... 29
3.7 Additional Time-Distance Graphs – fjord, station, and glacier calving
front ....................................................................................................................................... 30
3.8 Origination Times vs. Field Drainage Data ............................................................. 34
Chapter IV: Discussion ............................................................................................................. 38
4.1 Seismic Data/Seismograms ........................................................................................ 38
4.2 Seismic Arrivals ............................................................................................................. 38
4.3 Time-Distance Graph .................................................................................................. 39
4.4 Linear Trends, Lake Ponting ...................................................................................... 40
4.5 Correction for Instrument Response ........................................................................ 41
4.6 Earthquakes ................................................................................................................... 46
4.7 Additional Time-Distance Graphs – fjord, station, and glacier calving
front ....................................................................................................................................... 43
4.8 Origination Times vs. Field Drainage Data ............................................................. 43
Chapter V: Conclusion .............................................................................................................. 45
Bibliography................................................................................................................................. 47
Appendix A: How to get data from GLISN using Matlab ................................................. 49
Appendix B: SeismicDataPlot.m ............................................................................................. 51
Appendix C: FigureDataPlusLimits.m ................................................................................... 52
Appendix D: Frequency and phase response plots.............................................................. 53
Appendix E: Response Information in SEED format........................................................ 57
Appendix F: Modified rm_instrum_resp_spcr.m script ..................................................... 79
Appendix G: How to get instrument response information from IRIS .......................... 85

i

LIST OF FIGURES

Number
Page
1. GLISN Network Map with Station Names .................................................... 5
2. Threshold Method to Select Arrivals .............................................................. 11
3. ILULI Seismogram, Initial Fetch .................................................................... 19
4. NUUG Seismogram, Initial Fetch................................................................... 20
5. ICESG Seismogram, Initial Fetch ................................................................... 20
6. KULLO Seismogram, Initial Fetch................................................................. 21
7. TULEG Seismogram, Initial Fetch ................................................................. 21
8. ICESG Seismogram, 6-hour VHZ Fetch ...................................................... 23
9. Time-distance graph, Initial .............................................................................. 24
10. Trendlines with Lake Ponting as Source ........................................................ 27
11. Instrument Corrected Seismogram, 51-min. travel ...................................... 28
12. Instrument Corrected Seismogram, 40-min. travel ...................................... 28
13. Trendlines with Ilulisat Fjord as Source ......................................................... 32
14. Trendlines with Glacier Calving Front as Source ......................................... 34
15. Lake Ponting Depth, 6-hour plot .................................................................... 35
16. Lake Ponting Depth, 4.5-hour plot ................................................................. 36
17. Lake Ponting Depth, 1-hour 10-minute plot ................................................ 37
18. Origination times, trendlines, and field data plot ......................................... 44

ii

LIST OF TABLES

Number
Page
1. Condition of Seismograms, 5 Stations @ 100 Hz.......................................... 8
2. Condition of Seismograms, 5 Stations @ 1 Hz .............................................. 9
3. Condition of Seismograms, ICESG & TULEG @ 20, 0.1, 0.01 Hz ....... 10
4. Condition of Seismograms, 15 Stations @ 100 Hz ............................... 10-11
5. GLISN Station Location Information...................................................... 12-14
6. Arrival Times for the Four Trendlines by Start Time ................................. 25
7. Trendline Parameters with Lake Ponting as Source .................................... 26
8. Earthquakes occurring around the time of Lake drainage.......................... 29
9. Trendline Parameters with Iluli Fjord as Source .......................................... 31
10. Trendline Parameters with Glacier Calving Front as Source ..................... 33
11. Rock Types Identified by Seismic Velocities........................................... 40-41

iii

ACKNOWLEDGMENTS

The author wishes to express sincere appreciation to Professors Kenyon and Tedesco for
their mentorship in the preparation of this thesis. In addition, special thanks to Dr.
Patrick Alexander for the consultations, Matlab guidance, peer mentoring, and a
countless number of other contributions I will always be grateful for. Thanks also to Paul
Winberry who took my question regarding the correction for instrument response.
Thanks to other colleagues and family members that provided invaluable help along the
way: Won Gun Kim, Shadae Dixon, Maria Orantes (mom), and Daniel Orantes
(brother).
Finally, thanks to Dr. Shakila Merchant, Dr. Reza Khanbilvardi, and NOAA-CREST for
their support throughout this project. This research was made possible by the National
Oceanic and Atmospheric Administration, Office of Education Educational Partnership
Program award NA11SEC4810004. (The contents are solely the responsibility of the
award recipient and do not necessarily represent the official views of the U.S.
Department of Commerce, National Oceanic and Atmospheric Administration).

iv

Chapter 1

INTRODUCTION
The increase in average global temperatures has made it important to study cryospheric
processes and their response to such increase. One process that is of major interest is that
by which water is introduced to the bottom of an ice sheet, which lies on bedrock. There
is more than one way that this happens but surprisingly, the surface of an ice sheet can be
a source. Crevasses (deep cracks on the ice sheet) and moulins (vertical shafts within the
ice sheet) can provide the means for water to flow into and down through the ice sheet.
The presence of water can create frictionless conditions at the interface between the ice
and bedrock, which can cause the ice above it to slide, a process known as basal sliding.
Basal sliding can be a source of concern because when it happens, ice mass moves
quicker and more suddenly than expected. Such movement could lead to the increase in
the amount of and pace of ice moving toward the margins of the ice sheet and perhaps
further into the ocean. This behavior of surface melt causing sudden and unaccounted
for ice mass acceleration is known as the ‘Zwally Effect.’ (Zwally et al, 2002). The
ultimate concern is that accelerated ice mass reaching the ocean could lead to an
unexpected amount of sea level rise (Sundal et al., 2009).
Greenland is located north of the Atlantic Ocean and is on the North American plate.
Most of it is above the Arctic Circle and is largely covered by ice, approximately 80%
(Tarbuck, Lutgens, & Tasa, 2010). (The ice accumulated during the last ice age). The
thickness of this ice varies throughout the island having an average of 1 kilometer. Its
highest elevation is found in the Mideast and the lowest elevations are along the coastline
(Alexander et al., 2014). Greenland is considered to be the ideal place to study climate
change because there are few anthropogenic sources of pollution or greenhouse gases.
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During the summer months, enough melting occurs to produce runoff, streams, and
lakes. Lakes that form on the surface of an ice sheet are called supraglacial lakes and are
fed by either runoff from streams or by other lakes that overspill. Sometimes these lakes
crack at their bottoms introducing water into the ice sheet. The water can flow within the
ice sheet and/or become stored in it resulting in englacial drainage. In other cases, the
water can flow downwards through the entire thickness of the ice sheet reaching the
underlying bedrock. Supraglacial lake drainage is a major source of subglacial water under
the Greenland Ice Sheet, impacting the ice dynamics at different temporal and spatial
scales. A previous study showed that fast drainage of a supraglacial lake produced high
frequency seismic waves that were detected by a local seismometer (Das, et al., 2008);
however, little work has been done on the regional detection of such waves. Here we
present the results of a study focusing on regional seismic data and their potential linkage
to the drainage of a supraglacial lake (Lake Ponting) in the Paakitsoq region of the West
Greenland ice sheet. The formation and subsequent drainage of this lake were
documented in the summer of 2011 by a multidisciplinary team of researchers (Tedesco
et al., 2013)
Most people are familiar with the reporting of earthquakes on the news, with the most
common information given as the epicenter, magnitude, and sometimes the depth. This
information helps to understand how strong an earthquake is and if it is close to areas
where people are present. This information is possible because of the properties of the
earth and the existence of seismographs that have been installed throughout the world
for that purpose. When an earthquake occurs, the energy emitted makes the earth move
in different directions in the form of waves. Earthquake waves that travel through the
earth are known as body waves and those that travel on the surface of the earth are
known as surface waves. There are two types of body waves: P-waves (primary waves)
and S-waves (secondary waves). P-waves are compressional waves (longitudinal) and
travel faster than S-waves (transverse) reaching seismographs first and thereby appearing
first on seismograms. Seismograms are the printed recordings that seismographs produce
2

of any earth movement that can be detected. Seismic recordings can be done at different
sampling rates and in different directions. For digital seismographs, most seismic
recordings are done at 100 samples per second (100 Hz) or 1 sample per second (1 Hz).
Some seismographs can record at other sampling rates such as those that were looked at
in this research. It is useful to have more than one sampling rate when recording seismic
waves because waves can travel at different frequencies not just at different speeds. High
sampling rates can record the higher frequency waves while low sampling rates can
record the lower frequency waves. Earthquakes can make the earth move in different
directions: back and forth, side-to-side, and up and down. For a person facing north, the
back and forth motion is recorded as North to South movement (N-S), side-to-side as
East to West movement (E-W), and up and down as Z-direction movement (Z)
perpendicular to a horizontal plane.
Seismic events that are similar can produce similar wave propagations resulting in similar
seismic recordings. Some events produce waves that increase gradually in amplitude
(emergent) while others do so suddenly (impulsive). Depending on the seismic event, the
type of energy emitted in a particular direction can be shear wave energy and/or
compressional energy. Shear wave energy occurs when the earth displacement is
perpendicular to the direction of propagation of the wave emitted by the event while
compressional energy occurs when the earth displacement is in the same direction as the
wave propagation. Seismologists are able to use these seismic properties to differentiate
between seismic events, such as earthquakes and nuclear explosions.
Seismographs are instruments that are manufactured in different models that respond
differently to incoming signals. The differences are specified by frequency response and
phase response. The frequency response refers to the amplification the instrument has at
different frequencies. The phase response refers to how the harmonic motion of the
spring-loaded mass inside the seismometer differs in phase from that of the seismograph
as it records seismic activity. The differences may not be great but it is a fact that one
3

needs to consider when comparing seismograms from different models of seismographs.
An analogy to this would be microphones used to record audio signals as for instance, a
vocal recording. Depending on the microphone used, different frequencies of the voice
can be emphasized for a wanted effect. Audio engineers often choose beforehand the
type of microphones to be used in a recording depending on the voice characteristics of a
singer and on the wanted effect on that voice. Seismologists usually can’t choose which
model seismograph they wish to use for a particular seismic event but they can perform a
correction for instrument response. The correction involves a complex mathematical
operation known as deconvolution. A seismogram itself, is a mathematical combination
(convolution) of the source signal with the effect of the travel medium structure and the
instrument response. In our case, the travel medium is likely a layer of till under the icesheet but we ignore this for simplification. (In seismology, the correction for ground
structure is not a simple matter and can be ignored for now.) We are left then with the
instrument response and the ‘correction’ means removing it by deconvolution. The
problem with this step is that the instrument response is expressed in the time domain,
which makes the deconvolution mathematically challenging. To simplify the correction
process, seismologists switch to the frequency domain where the math is more practical.
This switch is done by applying a Fourier Transform, which breaks down the signal into
'component' signals. Once the instrument response has been removed in the frequency
domain, the switch is made back to the time domain by applying an inverse Fourier
transform. The result is ground motion, which seismologists often prefer over digital
counts. Note that deconvolution can be difficult and is usually done via computer
analysis. Information about the program used to carry out the correction for instrument
response in this thesis is discussed in the Methods section.
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Chapter 2

METHODS
The seismic data used in this study were obtained from the Greenland Ice Sheet
Monitoring Network (GLISN). GLISN is a virtual network, as it is comprised of
seismographs belonging to existing networks installed by different countries. It is
maintained by the Incorporated Research Institutions for Seismology (IRIS). The
seismographs are located mostly on the coasts of Greenland with a few offshore and on
the ice sheet itself. Each seismograph station is identified by the network it belongs to
and an acronym. For example, the seismograph station located in the town of Ilulisat is
identified as ‘DK.ILULI’, a station belonging to the Danish network. Although GLISN
has over 30 stations, data was fetched for stations that were on Greenland, or offshore at
a latitude near to that of Lake Ponting.

Figure 1: Map of 20 GLISN Stations accessed
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Seismic data was retrieved from the following 20 GLISN stations:

DK.ANGG,

DK.DBG, DK.DY2G, DK.ICESG, DK.ILULI, DK.KULLO, DK.NEEM, DK.NOR,
DK.NRS, DK.NUUG, DK.NUUK, DK.SCO, DK.SOEG, DK.TULEG, G.IVI,
GE.DAG, GE.SUMG, II.BORG, IU.SFJD, and NO.JMIC. Since none of the acronyms
are identical, it is not necessary to always indicate the network of origin for a given
seismograph station. See figure 1 for a map of the stations for which data was fetched.
The data was obtained by using some MATLAB scripts that fetch the data from the IRIS
servers. Data retrieval is performed using the MATLAB software and running scripts
provided by IRIS on their website. The names of these MATLAB scripts are irisFetch.m
and SeismicDataPlot.m. To run these scripts, a third file - a Java library file, is needed.
These files are provided by IRIS on their website and are often updated. When the Java
library file is updated the name includes the new version number. The first Java library
file we used was IRIS-WS-1.5.2.jar. A tutorial on how to get data from GLISN using
Matlab was prepared and is available in the Appendix A.
The parameters required by the Matlab scripts in order to fetch GLISN data are:
network, station, location, channel, start time, and end time. The SeismicDataPlot.m file
is the main file where these parameters are entered. This file then calls the irisFetch.m
file, which connects with the IRIS servers in order to fetch the data. Note that in order
for the data fetch to work, an internet connection must be made. There are times in
which the fetch will not work. Often times it is because the internet connection hasn’t
been established, the IRIS servers are down, or the Java library file has been changed due
to an update. In the latter case, the updated file must be adopted. The text of the
irisFetch.m script is available in Appendix B.
When the scripts are run and the fetch is successful, the data is plotted as a Matlab figure.
The vertical axis unit is amplitude expressed in digital counts and the horizontal axis unit
is time expressed as hour:minute, sometimes including seconds. Digital counts are the
result of analog-to-digital conversion of the original signal. When the seismograph
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receives the incoming signal, it goes through an Analog-to-Digital Converter (ADC). The
signal is taken in as a voltage and the Control Logic tells the Ramp generator to generate
a ramp signal. At the same time, a counter starts to count the steps on this ramp
signal. Once this ramp signal reaches or exceeds the incoming signal, the ramp signal
stops and the counter stops. So, the digital counts are the number of steps on the ramp
signal that it took to match the incoming signal! Sometimes the Ramp generator is
controlled by a clock, in which case the digital counts could be a measure of how long it
took to match the incoming signal. Zooming in or out of a figure can be achieved by
using the ‘ylim’ or ‘xlim’ commands. Since most figures needed to be zoomed in
frequently in order to capture the time of a deflection, a script was written to ease this
process (FigureDataPlusLimits.m). The text of the script can be found in Appendix C.
The seismic data was fetched for a drainage event that occurred at Lake Ponting,
Greenland on June 19, 2011. The first figures were fetched for all of the 20 stations as
previously mentioned starting from 3 hours before the time of the event (1435 UTC) and
ending 3 hours after the event. These original figures were obtained for a high frequency
sampling rate (100 Hz) and for deflections in the vertical direction. This configuration
was input as ‘HHZ’ in the ‘Cha’ (Channel) argument in the SeismicDataPlot.m file. The
first H refers to the high frequency sampling rate, the second H refers to the instrument
family that the seismometer belongs to (High gain seismometer), and the Z refers to the
vertical direction (z-direction). Most of these fetched seismograms, however, were not
usable because they were either too noisy or blank (no signal recorded). Four of these had
a clean signal: ILULI, NUUG, KULLO, and TULEG. Although the ICESG figure was
noisy, special attention was given to it since it appeared to be the closest station on the ice
sheet to Lake Ponting. Figures for the same six-hour fetch were obtained for these five
stations at the 1 Hz (L) sampling rate. Additional figures for the same six-hour fetch were
obtained for ICESG and TULEG since these record at additional sampling rates: 20 Hz
(B), 0.1 Hz (V) and 0.01 Hz (U). Two other directions were plotted as well for all five
stations, at all available sampling rates: East-West (E) and North-South (N).
7

Due to the large quantity of seismograms fetched it is useful to indicate which ones were
usable and which ones were not. The following four tables describe the condition of the
seismograms for all sampling rates and directions recorded and fetched. The first table is
for the high sampling rate of 100 Hz (H), for all three directions (Z, E, N), and only for
ILULI, NUUG, ICESG, KULLO, and TULEG, the stations that were actually used.

ILULI

NUUG

ICESG

KULLO

TULEG

HHZ

HHZ

HHZ

HHZ

HHZ

Clear

Clear

Noisy

Clear

Clear

HHE

HHE

HHE

HHE

HHE

Clear

Clear + Trend

Noisy

Clear

Clear

HHN

HHN

HHN

HHN

HHN

Clear

Clear + Slight Overall

Noisy

Clear

Noisy

Trend
Table 1: Condition of Seismograms, 5 Stations @ 100 Hz
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The second table is for the low sampling rate of 1 Hz (L), for all three directions (Z, E,
N), and only for ILULI, NUUG, ICESG, KULLO, and TULEG:

ILULI

NUUG

ICESG

KULLO

TULEG

LHZ

LHZ

LHZ

LHZ

LHZ

Noisy

Noisy + Trend

Noisy

Noisy

Noisy + Trend

LHE

LHE

LHE

LHE

LHE

Noisy

Noisy + Trend

Noisy

Noisy

Noisy

LHN

LHN

LHN

LHN

LHN

Noisy

Noisy + Trend

Noisy

Noisy

Noisy + Trend

Table 2: Condition of Seismograms, 5 Stations @ 1 Hz

While all five stations record seismograms at high and low sampling rates, ICESG and
TULEG record at additional sampling rates. The following third table indicates the
condition of the seismograms for the additional sampling rates of 20 Hz (B), 0.1 Hz
(VHZ), and 0.001 Hz (U), for all three directions (Z, E, N), and only for ICESG and
TULEG:
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ICESG

ICESG

ICESG

TULEG

TULEG

TULEG

BHZ

VHZ

UHZ

BHZ

VHZ

UHZ

Noisy

Clear

Noisy

Clear

Clear

Clear

BHE

VHE

UHE

BHE

VHE

UHE

Noisy

Clear

Clear

Clear

Noisy

Clear

BHN

VHN

UHN

BHN

VHN

UHN

Noisy

Noisy

Clear

Clear

Clear

Clear

Table 3: Condition of Seismograms, ICESG & TULEG @ 20, 0.1, 0.01 Hz

The following fourth table indicates the condition of the seismograms for the sampling
rate of 100 Hz (H), for only the Z direction, and for the rest of the stations for which
seismograms were initially fetched (ANGG, DBG, DY2G, NEEM, NOR, NRS, NUUK,
SCO, SOEG, IVI, DAG, SUMG, BORG, SFJD, and JMIC):

ANGG

DBG

DY2G

NEEM

NOR

Noisy

Noisy +

Blank

Blank

Noisy +

Trend

Trend

NRS

NUUK

SCO

SOEG

IVI

Noisy

Noisy

Noisy

Blank

Blank
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DAG

SUMG

BORG

SFJD

JMIC

Noisy + Trend

Noisy

Noisy

Noisy + Trend

Noisy

Table 4: Condition of Seismograms, 15 Stations @ 100 Hz (HHZ Channel)

Seismic events of interest were selected by using a signal-to-noise ratio of about 2:1. This
was done manually on the original figures by first drawing a line along the signal average,
drawing a line on each end of the noise signal, drawing a line twice the distance above
and below from the signal average, and choosing deflections that were above and/or
below the latter pair of lines. In order to get accurate times for the arrivals of these
deflections, the figures were zoomed in sufficiently to get values in seconds. We refer to
these values as seismic arrivals or event arrivals. Figure 2 shows this signal-to-noise
threshold method including the approximate range for picked arrivals with respect to
time.

Figure 2: Threshold Method to Select Arrivals
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A time-distance graph was plotted using event arrival times on the y-axis and the distance
from each seismograph station to Lake Ponting on the x-axis. The location (latitude and
longitude) of each station was obtained from the IRIS website. The table below lists the
location information for each of the GLISN seismograph stations along with additional

Longitude

Elevation

65.62

-37.64

9

8/2/2010 – P

DK

DBG

Daneborg, Greenland

74.31

-20.22

1

8/12/2010 – P

DK

DY2G

Raven Camp,

66.48

-46.31

2132

5/24/2011 – P

69.09

-39.65

2931.6

69.21

-51.10

53.5

7/14/2009 – P

Date

Latitude

Tasiilaq, Greenland

Start-End

Site

ANGG

Network

Station

DK

Virtual

Network

information (Table 5):

Greenland
DK

ICESG

Ice sheet ridge,

6/9/2011 – P

Greenland
DK

ILULI

Ilulissat, Greenland

DK

KULLO Kullorsuaq, Greenland

74.58

-57.22

44

7/18/2009 – P

DK

NEEM

77.44

-51.07

2513

7/22/2011 – P

81.60

-16.66

36

7/6/2010 – P

61.16

-45.42

80

7/4/2010 – P

Ice sheet ridges,
Greenland

DK

NOR

Station Nord,
Greenland

DK

NRS

Narsarsuaq, Greenland
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Latitude

Longitude

Elevation

Virtual

71.54

-53.20

36

7/21/2010 – P

DK

NUUK

Nuuk, Greenland

64.18

-51.67

110

8/1/2010 – P

DK

SCO

Ittoqqortoormiit,

70.49

-21.95

69

8/6/2010 – P

68.20

-31.38

179

8/1/2011 – P

76.54

-68.82

38

5/4/2010 – P

Date

Site
Nuugaatsiq, Greenland

Start-End

Station
NUUG

Network

Network
DK

Greenland
DK

SOEG

Sodalen, Greenland

DK

TULEG Thule Air Base,
Greenland

G

IVI

Ivittuut, Greenland

61.21

-48.17

15

9/12/2011 – P

GE

DAG

GEOFON/AWI

76.77

-18.66

23

6/16/1998 – P

72.58

-38.45

3240

9/6/2006 – P

64.75

-21.33

110

7/31/1994 – P

Station
Danmarkshavn,
Greenland
GE

SUMG

GEOFON Station
Summit Camp,
Greenland

II

BORG

Borgarfjordur,
Asbjarnarstadir,
Iceland

13

Longitude

Elevation

-50.62

330

Date

Latitude
67.00

Start-End

Site
Sondre Stromfjord,

Network

Station
SFJD

Virtual

Network
IU

2/4/2005 – P

70.99

-8.51

161

10/2/2003 – P

Greenland
NO

JMIC

JAN MAYEN,
NORWAY

Table 5: GLISN Station Location Information (P indicates ‘Present’)

(Note that this table includes all of the GLISN stations, not just the ones used in the data
fetch for this thesis.) The location of Lake Ponting (latitude and longitude) was obtained
from Tedesco et al. (2013). Distances to each seismometer station were calculated using a
formula that takes into account the curvature of the earth. This formula requires the use
of colatitudes (complements to latitudes) and longitudes both expressed in radians. The
formula is as follows: cos ∆!= cos ! cos ! ! + sin ! sin ! ! !cos!(ψ − ψ! ). To get the
actual surface distance s, the Δ must be multiplied by the radius a of the Earth: s = aΔ.
These two formulas were taken from Turcotte & Schubert, 1982.
In this thesis, four trendlines were fit to the data by eye. These are identified by the
approximate time taken for each wave propagation to travel from the first station
(ILULI) to the last station (TULEG): 12.7 minute travel, 18 minute travel, 40 minute
travel, and 51 minute travel. The wave speed for each of the wave propagations were
obtained by first getting the trendline slopes with units day/km (Microsoft Excel stores
time in fraction of a day), getting the inverse with units km/day, and then converting to
units m/s. The slope, y-intercept, and R2 values can be obtained from the trendline graph.
However, the trendline graph did not provide the right amount of significant figures for
the slopes. Therefore, the SLOPE function was used, instead, to determine the speed of
the wave propagations.
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Seismometer instrument response graphs are available from the IRIS website. To get
them, each one was obtained individually for both station and channel and only for the
five stations used. These graphs were compiled and are available in Appendix D. The
response information is also available in the Standard for the Exchange of Earthquake
Data (SEED) format and can be found in Appendix E. To get the instrument response
information from IRIS in either format, the steps taken to do so are available in
Appendix G. Note that the ILULI, NUUG, and KULLO seismographs have the same
instrument responses and so only the responses for ILULI have been included. The
ICESG and TULEG seismographs have their own instrument responses and so the
responses for both have been included. Also, since the instrument responses are different
for each sampling rate but not direction, only the Z-direction seismograms have been
included.
The instrument correction for response was carried out by using the method presented
by Haney et al. (2012). The method is provided in the form of Matlab files which were
downloaded from the website indicated in the paper. Since the seismic data was fetched
from seismographs having broadband seismometers, the only script needed was the
rm_instrum_resp_spcr.m script. The script, however, calls the rm_instrum_resp.m
function, so that file was also used. The rm_instrum_resp_spcr.m script was written for a
broadband seismometer located in Alaska with station code SPCR. Therefore, it was
modified to run for each of the five seismometers from which the data was fetched. All
the changes can be grouped into five sections of the script: loading the data, the input
section, plot and detrend data section, scaling, and the title section. This modified version
of the rm_instrum_resp_spcr.m script is available in Appendix F. Each time the script is
run for a given seismometer, the file containing the fetched data for that seismometer
must be loaded first. In the modified script, only one data file is loaded per run and the
unloaded ones are commented out (% sign). The script requires 12 inputs to run and
most were modified depending on which instrument the data to be corrected came from.
The inputs and their modifications are as follows:
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1. Sample rates
a. 100 for the HHZ channels
b. 0.1 for the VHZ channel
2. Low frequency cutoffs
a. 0.2 for the HHZ channels (ILULI, NUUG, KULLO)
b. 0.009 for the ICESG VHZ channel
c. 0.02 for the TULEG HHZ channel
3. High frequency cutoffs
a. 20 for the HHZ channels (ILULI, NUUG, TULEG, KULLO)
b. 0.03 for the ICESG VHZ channel
4. Butterworth filter order at low frequency cutoff
a. 3 (unchanged)
5. Butterworth filter order at high frequency cutoff
a. 5 (unchanged)
6. Bad data value
a. -2-31 (unchanged)
7. Zeros for the instrument
a. From the instrument response files in SEED format (see Appendix E)
b. Note that the zeros are the same for the HHZ channel of ILULI,
NUUG, and KULLO
8. Poles for the instrument
a. From the instrument response files in SEED format (see Appendix E)
b. Note that the poles are the same for the HHZ channel of ILULI,
NUUG, and KULLO
9. Inverse gain factor
a. 1.589 x 10-9 for the HHZ channel of ILULI, NUUG, and KULLO
b. 1.92924 x 10-9 for the VHZ channel of ICESG
c. 1.593 x 10-9 for the HHZ channel of TULEG
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10. Frequency of normalization
a. 0.05 for the HHZ channel of ILULI, NUUG, and KULLO
b. 0.01 for the HHZ channel of ICESG
c. 0.4 for the HHZ channel of TULEG
11. Over-sampling rate
a. 5 (unchanged)
12. Intrinsic delay of the system
a. 0 (unchanged)
The ‘Trended & Detrended data’ section was added in order to plot the data before the
instrument correction and to detrend the graph for TULEG. Since the TULEG data was
not centered at zero on the y-axis, the mean command was used to calculate the value of
the offset. Although the fetched seismograms for the other four stations are not centered
at zero, they are not as off-center as the TULEG seismogram whose amplitude is on the
order of 105 digital counts. The first run of the instrument correction for TULEG
appeared blank, but further inspection revealed the corrected signal to be way above
center and the offset adjustment was added to the code. The trend in the data can be
removed with the detrend command and then plotted to confirm the action. The offset is
then added to the data in order to center the data at zero on the y-axis and then replotted
to confirm the action. After the instrument correction is carried out, the script plots the
result and selects the portion to view by setting the x and y limits of the graph using the
axis command. Since the fetched data is for a six-hour span (11:30 – 17:30, UTC) and the
units of the x-axis are in seconds, the limits of the x-axis can be set from 0 to 21,600. The
units for the y-axis are um/s and the preset limits of -6 to +6 were sufficient for all
fetches with the exception of the TULEG fetch. As explained above, the plot of the data
for this station was offset from zero and therefore required an adjustment. Given that
only the x-axis limits needed to be changed for most of the plots, the xlim command was
sufficient in those cases. As an example, to plot the data for the time 15:10:30 to
15:11:30, it is necessary to first convert the start time into seconds. Subtract 11:30:00
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from 15:10:30 to get 3 hours, 40 minutes, 30 seconds. This in turn equals 220.5 minutes,
which equals 13,230 seconds. Then, since 15:11:30 is one minute after, just add 60
seconds to get the end time (13,230 + 60 = 13,290). Note that the ‘hold on’ feature was
used to keep plots open, allowing for comparison between plots. The final modification
to the code was the addition of a customized title. This title code was changed for each
plot to reflect the seismometer, channel, and time specific to the seismogram being
plotted.
A possible source of seismic activity recorded by a seismograph is an earthquake. To
determine the possibility of this with respect to the wave propagations identified in this
thesis, earthquakes were checked for by using the USGS Earthquake Hazards Program
website (http://earthquake.usgs.gov/earthquakes). Near the bottom of the page there is a
link to ‘Search EQ Archives’. This webpage allows you to enter the search criteria for
earthquakes. The search criteria used in the thesis are as follows:
1. Date & Time Start (UTC): 2011-06-19 11:35:00
2. Date & Time Start (UTC): 2011-06-19 17:35:00
3. Magnitude Minimum: 3
4. Geographic Region: (entire world)
5. Review Status: Any (default)
6. Format: Map & List
7. Order By: Time – Newest First
The rest of the criteria fields were left blank or at their default settings. Note that the
default setting for Geographic Region is the entire world. The ‘Search’ button at the
bottom left of the screen is then clicked and a map and list will show with the resulting
earthquakes. Clicking on a circle on the map highlights it as well as the corresponding
information on the list and vice versa. Note that on the top left corner of the screen,
there is the option to download the search result to different formats.
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Chapter 3

RESULTS
3.1 Seismic Data/Seismograms
The first 20 seismograms produced were from stations on the ice-sheet, along the coasts,
or offshore. As explained in the Methods section of the thesis, not all of the seismograms
were usable as some were too noisy or returned no data. Five were chosen for further
study, with four of them coming from stations along the west coast (ILULI, NUUG,
KULLO, TULEG) and one from within the ice-sheet (ICESG). The seismograms are
plotted in the following figures:

Figure 3: Iluli Seismogram, Initial Fetch
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Figure 4: NUUG Seismogram, Initial Fetch

Figure 5: ICESG Seismogram, Initial Fetch
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Figure 6: KULLO Seismogram, Initial Fetch

Figure 7: TULEG Seismogram, Initial Fetch
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The seismograms show seismic activity throughout the six-hour range of time (11:30 –
17:30 UTC) fetched, three hours before and three hours after the drainage of Lake
Ponting. Although the ICESG seismogram was too noisy to be able to use the 2:1
signal:noise method to select arrivals of interest, a substitute arrival was found as
explained in the next section.
3.2 Seismic Arrivals
Seismic events were chosen for further investigation and their times of occurrence noted:
•

ILULI – 14:14:10, 14:24:51, 14:31:03, 14:33:50, 14:55:43, 14:56:55, 14:58:20,
15:03:00, 15:03:30, 15:09:20, 15:14:20

•

NUUG – 14:18:34, 14:18:58, 14:19:03, 14:27:50, 14:45:02, 15:01:30

•

ICESG – 14:46:00 (VHZ channel)

•

KULLO – 14:22:55, 14:55:15, 15:05:30

•

TULEG – 14:11:44, 14:32:20, 15:11:00, 15:14:00, 15:14:30, 15:25:00

Note that all of the events with the exception of the ICESG event are for data from the
HHZ channel. The ICESG seismogram for the HHZ channel was too noisy to be able to
select arrivals from it. However, a sharp arrival occurring minutes after the maximum lake
depth time was recorded at the lower sampling rate of 0.1 Hz on the VHZ channel. See
the figure of the ICESG seismogram for the VHZ channel (Figure 8).
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Figure 8: ICESG Seismogram, 6-hour VHZ Fetch

3.3 Time-Distance Graph
The distances for each seismograph station from Lake Ponting were calculated in
kilometers and are as follows: ILULI at 66.414, NUUG at 250.44, ICESG at 400.02,
KULLO at 608.07, and TULEG at 965.29. Note that the stations are listed in increasing
distance from the lake. A time-distance graph was produced (Figure 9) using the
aforementioned event times and lake-to-seismometer distances.
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Figure 9: Time-distance graph, Initial

3.4 Linear Trends, Lake Ponting
Four trendlines were identified from this time-distance graph (Figure 9). These were
made manually by placing the sheet with the time-distance graph on a table, looking at it
at eye level from the side, and tracing out the lines with a pencil. The result was discussed,
adjusted, and finally created on a spreadsheet. Each linear trend starts at a different time
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Trendline
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y=3E-5x+0.6029 14:31:03

y=4E-5x+0.6045 14:33:50

y=1E-5x+0.6233 14:58:20

Second

Third

Fourth

15:01:30

14:45:02

14:18:34

15:05:30 15:11:00

15:05:30 15:25:00

14:46:00 14:55:15 15:11:00

14:22:55 14:32:20

NUUG ICESG KULLO TULEG

Table 6: Arrival Times for the 4 Trendlines by Start Time

y=1E-5x+0.5923 14:14:10

ILULI

First

Start Time Formula

Relative

and has a different equation. The following table includes this information including the

arrival times for each trendline (Table 6):

The information for these trendlines was used to calculate wave speeds and other values
(Table 7).

Trendline

Slope using

Wave Speed R2 value

Time Lapse

Formula (from

the Slope

(m/s)

from ILULI to

plot)

Function

y=1E-5x+0.5923

1.33792E-05

865.0809819

0.9764

18

y=3E-5x+0.6029

3.08621E-05

375.0259653

0.9999

40

y=4E-5x+0.6045

3.94595E-05

293.3153355

0.99956

51

y=1E-5x+0.6233

9.5075E-06

1217.361913

0.99478

12.7

TULEG (min)

Table 7: Trendline Parameters with Lake Ponting as source
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The figure below is the time-distance graph of the trendlines including their formulas,
coefficient of regression (R2), and data points. (Figure 10).

Figure 10: Trendlines with Lake Ponting as Source
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3.5 Correction for Instrument Response
Seismograms for the arrivals of the second and third starting trendlines were corrected
for instrument response. The first figure shows the corrected seismograms for the 51minute travel (293 m/s speed):

Instrument Response
Corrected
ILULI Seismometer
HHZ Channel (100Hz)
14:33:50 Arrival (UTC)

Instrument Response
Corrected
NUUG Seismometer
HHZ Channel (100Hz)
14:45:02 Arrival (UTC)

Instrument Response
Corrected
KULLO Seismometer
HHZ Channel (100Hz)
15:05:30 Arrival (UTC)

Instrument Response
Corrected
TULEG Seismometer
HHZ Channel (100Hz)
15:25:50 Arrival (UTC)

!

!

!

!

Figure 11: Instrument Corrected Seismograms, 51-min. travel

The second figure shows the corrected seismograms for the 40-minute travel (375 m/s
wave speed):
Instrument Response
Instrument Response
Instrument Response
Instrument Response
Corrected
Corrected
Corrected
Corrected
ILULI Seismometer
ICESG Seismometer
KULLO Seismometer
TULEG Seismometer
HHZ Channel (100Hz) VHZ Channel (0.1 Hz) HHZ Channel (100Hz) HHZ Channel (100Hz)
14:31:03 Arrival (UTC)! 14:46:30 Arrival (UTC)! 14:55:15 Arrival (UTC)! 15:11:00 Arrival (UTC)!

!

!

!

!

Figure 12: Instrument Correctred Seismograms, 40-min. travel

The corrected seismograms are plotted as particle velocity (!m/s) versus time (s). Also,
note that the corrected ICESG seismogram is for the VHZ channel.
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3.6 Earthquakes
An on-line search for earthquakes around the time of Lake Ponting’s drainage yielded a
total of nine earthquakes ranging from 3.1 to 5.1 in magnitude. The following table lists
these earthquakes in increasing order by time:
Magnitude

General Location

Depth

(Scale)

Time (UTC)

(km)

4.2 (ml)

South Island of New Zealand

8.4

13:03:50

4.5 (mb)

Off the east coast of Honshu, Japan

10.0

13:23:04

4.0 (m)

North Island of New Zealand

160.8

13:33:36

4.9 (mb)

Southwest of Sumatra, Indonesia

9.3

13:44:33

4.3 (mb)

Near the east coast of Honshu, 55.8

15:49:24

Japan
5.1 (mwc)

South of Panama

21.1

16:34:42

4.3 (mb)

South of Java, Indonesia

49.2

16:35:45

4.6 (mb)

Volcano Islands, Japan region

200.1

16:53:13

3.1 (md)

Puerto Rico region

52.7

17:24:17

Table 8: Earthquakes occurring around the time of Lake Drainage
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According to the table, Lake Ponting’s drainage started after the earthquake southwest of
Sumatra and before the earthquake near the coast of Honshu. The times for these two
earthquakes are not equal to nor near equal to the time of maximum-recorded lake depth
(14:35). Note that the actual search result from the USGS’s website lists the earthquakes
in descending order by time. Waves emitted from the earthquake off Sumatra are not
expected to reach Lake Ponting. (See the Discussion section for the explanation for this).
3.7 Additional Time-Distance Graphs - fjord, station, and glacier calving front
Besides earthquakes, other possible sources for seismic activity considered were: the edge
of the Ilulisat Fjord facing the sea, the ILULI seismograph station, and the calving front
of the Jakobshavn Isbrae glacier. To determine the possibility of these other sources with
respect to the wave propagations identified in this thesis, each was tested to determine if
any provided a better fit to the trendlines. A better fit would indicate a likely source for a
given wave propagation as identified by one of the trendlines.
A second time-distance graph with trendlines was produced using the same
aforementioned event times but with the west-most tip of the Ilulisat Fjord-toseismometer distance. As before, each trendline starts at a different time and has a
different equation. Their formulas, in order of starting times, are y=1E-5x+0.5927,
y=3E-5x+0.6038, y=4E-5x+0.6056, and y=9E-6x+0.6236. Again, the information for
these trendlines was used to calculate wave speeds and other values (Table 9).
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Trendline

Slope using

Wave Speed R2 value

Time Lapse

Formula (from

the Slope

(m/s)

from ILULI to

plot)

Function

y=1E-5x+0.5927

1.24595E-05

928.9343983

0.96813

18

y=3E-5x+0.6038

2.84588E-05

406.6964655

0.99096

40

y=4E-5x+0.6056

3.68429E-05

314.1466882

0.99645

51

y=9E-6x+0.6236

8.88158E-06

1303.154977

0.99267

12.7

TULEG (min)

Table 9: Trendline Parameters with Iluli Fjord as Source

The figure below is the time-distance graph of the trendlines including their formulas,
coefficient of regression (R2), and data points (Figure 13):
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Figure 13: Trendlines with Ilulisat Fjord as Source

A third time-distance trendline graph was produced using the aforementioned event
times but with the ILULI station as the source of the wave propagations. This third
graph had similar results to the second one and is therefore not included here.
A fourth time-distance trendline graph was produced using the same aforementioned
event times but with the Jakobshavn Isbrae calving front-to-seismometer distance. As
before, each trendline starts at a different time and has a different equation. Their
formulas, in order of starting times, are y=1E-5x+0.5922, y=3E-5x+0.6034, y=4E5x+0.6042, and y=9E-6x+0.6233. Again, the information for these trendlines was used
to calculate wave speeds and other values (Table 10).
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Trendline

Slope using

Wave Speed R2 value

Time Lapse

Formula (from

the Slope

(m/s)

from ILULI to

plot)

Function

y=1E-5x+0.5922

1.27847E-05

905.3090531

0.97362

18

y=3E-5x+0.6034

2.89331E-05

400.0285447

0.99877

40

y=4E-5x+0.6042

3.77478E-05

306.6156608

0.99911

51

y=9E-6x+0.6233

9.09973E-06

1271.914357

0.99531

12.7

TULEG (min)

Table 10: Trendline Parameters with the Jakobshavn
Isbrae calving front as the Source

Note that the fit to the 12.7-minute trendline is improved by considering the Jakobshavn
Isbrae calving front as the source of the wave propagation. The figure below is the
corresponding time-distance graph of the trendlines including their formulas, coefficient
of regression (R2), and data points (Figure 14).
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Figure 14: Trendlines with the Jakobshavn Isbrae Glacier
Calving Front as Source

3.8 Origination Times vs. Field Drainage Data
The water pressure record for Lake Ponting was plotted for the six-hour time span
starting at 1135 UTC and ending at 1735 UTC (Figure 15). Note that the pressure data
has been converted to depth values as documented in Tedesco et al. (2013).
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Figure 15: Lake Ponting Depth, 6-hour plot

The approximate start times for the two converging wave propagations have been
included on this first lake depth graph. The y-intercepts for the corresponding trendlines
are the times at which each of the trendlines originate when Lake Ponting is considered
the source of the wave propagations. The times are approximate because the actual times
do not exist in the depth data.
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A second graph of the data was plotted for a shorter time span from 1035 UTC – 1505
UTC (Figure 16).

Figure 16: Lake Ponting Depth, 4.5-hour plot

Again, the start times for the converging wave propagations have been included in this
second graph and are approximate as just explained.
A third graph of the data was plotted for an even shorter time span from 1350 UTC –
1500 UTC (Figure 17).
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Figure 17: Lake Ponting Depth, 1 hour 10 minute plot

The depth data has been included as data labels on this third graph. Lastly, the start times
for the converging wave propagations have been included in this third graph and are
approximate.
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Chapter 4

DISCUSSION
4.1 Seismic Data/Seismograms
It is unfortunate that many of the seismograms fetched from the 22 original stations
could not be used. Since four of the five seismograph stations used are located along the
west coast of Greenland, determination of the epicenter of the source by triangulation
was not possible. Note that the seismogram for the ICESG HHZ channel was too noisy,
but a deflection discovered in the VHZ channel provided the arrival time used in the
time-distance graphs. It is also important to note that the TULEG station is located near
an air force base, which could be the reason for the trends and high amplitudes seen on
its seismograms. It would be interesting to look into the possibility of removing
unwanted noise from the noisy seismograms to determine if there are additional arrivals
that might be consistent with the findings of the thesis.
As mentioned in the Methods section, seismic data was also fetched for additional
sampling rates (other than 100 Hz) and additional directions (other than vertical). These
were looked at; but due to time constraints, analysis of these was cut short and the
decision was made to use only the high sampling rate and the vertical direction for
analysis. The only exception to this was the use of the ICESG VHZ seismogram.
Analysis of these additional data could provide more insight into the seismicity caused by
the drainage event of Lake Ponting.
4.2 Seismic Arrivals
Seismic arrivals were picked starting from a half hour before the onset of the maximum
lake depth up to one hour after. The half hour before limit was adopted considering that
seismic activity was recorded for that amount of time before the lake drainage event in
38

Das et al. (2008). The hour after Lake Ponting’s maximum depth was considered
sufficient to examine the initial crack phase of the drainage event.
The waveforms of the arrivals for the 40-minute and 51-minute travels were inspected to
make sure the waveform type was the same throughout each travel. A seismic arrival with
a different waveform from the other arrivals within a wave travel would indicate that the
wave travel does not propagate there and that the arrival is perhaps due to a different
wave propagation. The arrivals picked for the two wave travels are all impulsive and are
usually surrounded by other seismic activity and/or noise.
Almost all of the five six-hour seismograms show large arrivals occurring through that
time range, spanning before and after the actual lake drainage event (maximum lake
depth time of 14:35 UTC). In Das et al. (2008), the large deflections are attributed to
discrete cracking events, although specific correlation between an arrival and an event
related to the drainage is not analyzed. With respect to Lake Ponting, the large arrivals
occurring before its maximum depth is reached are most likely due to the cracking of the
ice before the water level starts to decrease. Further analysis, as indicated by Das, would
need to be made to determine which deflections correspond to the various events related
to the lake drainage.
4.3 Time-Distance Graph
The original time vs. distance graph was plotted assuming Lake Ponting to be the source
of the seismic activity. In this case, ILULI is the closest seismograph station to the lake
followed sequentially by NUUG, ICESG, KULLO, and TULEG. Note that while the
distances were calculated, the arrival times were chosen by zooming into the seismograms
and using tick marks as guides. Therefore, the seconds values used may not be as accurate
as the hours and minutes used are.
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4.4 Linear Trends, Lake Ponting
The two non-parallel trendlines appear to start from the same point of origin and time.
Calculations indicate that these two trendlines would intersect each other when x = 150km and y = 14:21:42. That is, their common point of origin is 150km west of Lake
Ponting occurring 13 minutes 18 seconds before the drainage event. This, however, is
merely a mathematical result that would be true only if the two wave propagations that
the trendlines represent had initiated at the same time. For both to start out from the lake
location, one would have to start before the other. Calculations indicate that at x=0
(location of Lake Ponting) the first wave would initiate at 14:28:11 and the second wave
at 14:30:20. This is a time difference of about 2 minutes 10 seconds. The y-intercepts for
the 51-minute and 40-minute travels were plotted on the time-distance graph by using the
y-intercept values from the line equations on the trendline graph and setting their xvalues to zero.
The wave speeds calculated for the four wave propagations were smaller than expected.
A wave traveling within the ice sheet would be expected to travel at 3,400 m/s. The low
wave speeds do however fit into an unconsolidated sediment category as reference to a
seismic velocities table shows (Mussett & Khan, 2000). (Table 11).
Rock Type

Vp (km/s)

Unconsolidated Sediments
Clay

1.0-2.5

Sand, dry

0.2-1.0

Sand, saturated

1.5-2.0
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Rock Type

Vp (km/s)

Sedimentary Rocks

1.7 – 7.0

Igneous and Metamorphic Rocks

3.5 – 8.5

Other
Air

0.3

Ice

3.4

Water

1.4-1.5
Table 11 Rock Types Identified by Seismic Velocities

Although the table shows dry sand as the sediment, there could be a layer of till since ice
sheets often have till underneath.
4.5 Correction for Instrument Response
The correction for instrument response produced corrected seismograms using velocity
(um/s) instead of displacement. For the 293 m/s (51-minute) wave propagation, an event
is still evident for ILULI, no large deflection for NUUG, twin peaks with a slight delay
for KULLO, and a possible event with a slight delay for TULEG. The missing seismic
arrival in NUUG is due to the fact that the original arrival was inadvertently filtered out
in the Instrument Response Correction code. The twin peaks in KULLO could be due to
superposition of waveforms or a double-sliding of the ice on the till below. When water
pressure exceeds the overburden pressure, the strength of the till weakens momentarily
allowing for sliding over the till. A double-peak will occur if the strength of the till
weakens a second time before recovering completely (Clarke, 1987). For the 375 m/s (40minute) wave propagation, deflections are still evident for ILULI, ICESG, and KULLO.
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The missing arrival in TULEG could be due to wave cancelation by superposition or that
the wave propagation doesn’t reach there. These results suggest that seismic activity
related to lake drainage may be recordable up to at least a distance of 600km, a
seismologically regional distance and the distance of the KULLO station from Lake
Ponting. Some time after performing the correction for instrument response it was
learned that it is not always necessary to do so and in fact, the response of the
seismograph models used in this research do not differ too much.
4.6 Earthquakes
Of the nine earthquakes that satisfied the search criteria the nearest one to occur with
respect to the time of the drainage event occurred southwest of Sumatra, Indonesia at
13:44:33 UTC with a magnitude of 4.9 and a depth of 9.3 km. This earthquake occurred
about 49 minutes before the drainage event and although waves can travel this amount
of time, the relative position of Lake Ponting to the earthquake origin would not allow
for arrivals due to the P-wave Shadow Zone. When an earthquake occurs, the body
waves emitted do not travel straight through the earth. Instead, they reflect and refract as
they pass through the different layers within the earth. Due to this, there are areas that
the body waves do not reach. These areas have been determined to be approximately
between 103° and 143° from an earthquake focus. The distance from the area southwest
of Sumatra to Lake Ponting was measured on an Earth Globe to be about 110°. This
distance falls within the P-wave Shadow Zone and therefore no P-waves are expected to
arrive at the lake. The nearest earthquake in time to occur after the drainage event
occurred near the east coast of Honshu, Japan at 15:49:24 UTC with a magnitude of 4.3
and a depth of 55.8 km. This earthquake occurred about 74 minutes after the drainage
event, an amount of time too long to be considered coincident with the start of the
drainage event.
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4.7 Additional Time-Distance Graphs - fjord, station, and glacier calving front
The additional time-distance graphs using the outlet of the Iluli Fjord, ILULI station, and
the Jakobshavn Isbrae glacier calving front as the source of the wave propagations were
created to determine if any of these locations made a better a fit with the arrival times and
resulting trendlines. The coefficient of regressions (R2 values) reveal that Lake Ponting
makes a better fit for the 51-minute, 40-minute, and 18-minute wave propagations with
values of 0.99956, 0.9999, and 0.9764, respectively. The calving front, however, makes a
better fit for the 12.7-minute wave propagation with an R2 value of 0.99531. This implies
that the 12.7-minute wave could be originating from the calving front. Since the two
converging trendlines make a better fit with Lake Ponting as the source it is more likely
that the two corresponding wave propagations originated from Lake Ponting.
4.8 Origination Times vs. Field Drainage Data
Before the lake drainage event, the lake had been filling up with water from the
surrounding ice sheet surface. This water level was measured by HOBO pressure
transducers installed by Tedesco et al. (2013) and the highest water level recorded is
referred to as the maximum depth of the lake achieved before losing water due to the
drainage event. The maximum depth recorded was plotted on the y-axis by setting the yvalue to 1435 hours and the x-value to zero (Figure 18). The other times at which the
HOBO pressure transducers made measurements were also plotted by creating data
points with y-values in 5-minute increments after 1435 and 5-minute decrements before
1435.
The HOBO pressure transducer devices that were used at Lake Ponting were set to New
York City time at the time of drainage event. Therefore, there is a 4-hour difference
between the HOBO time and UTC time. The start time of the lake drainage event of
1435 UTC, for instance, corresponds to 10:35 on the pressure transducer graphs. These
graphs reveal that the water level on the lake decreases a bit after 10:35 (1435 UTC),
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levels off for about 10 minutes, falls off after 10:50 (1450 UTC), and then flattens out at
12:50 (1650 UTC).

Figure 18: Origination times, trendlines, and field data plot

If the two wave propagations originate at Lake Ponting, their start times of 14:28:11 and
14:30:20 occur just before the maximum water level is reached at 14:35 and the falloff at
14:50. This seems to indicate that there are two cracking events that occur about 2
minutes apart from each other followed by water flowing into the ice sheet stopping
almost 2.5 hours later.
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Chapter 5

CONCLUSION
A fast draining lake event was observed on the Greenland ice sheet, with data of the
event recorded at the time by GPS stations and HOBO pressure transducer devices put
in place by the observing team (Tedesco et al., 2013). Five years earlier, another team
(Das et al) observed a different lake drain rapidly and recorded the event also using GPS
and HOBO pressure transducers, but with an additional instrument – a seismograph
(Das et al., 2008). Since no seismograph was present locally for the 2011 lake drainage
event, the effort was made to get data from GLISN to determine if seismographs are able
to record such an event from larger regional distances. Seismic arrivals recorded around
the time of the lake drainage event from five of the 20 GLISN stations occur at times
that trace out what appear to be two wave propagations related to the drainage. Pressure
transducer data supports this argument in that the lake starts to drain shortly after the
two wave propagations initiate. It appears that the initial crack at the base of the lake and
the subsequent crack at the ice sheet-bedrock interface occurred just minutes before the
lake began to drain rapidly. The slow velocities calculated for the wave propagations
correspond to some kind of sandy unconsolidated sediment, perhaps a layer of till at the
base of the glacier (Dow et al., 2013; Luthra et al., 2016).
The existence of earthquakes associated with ice mass movement was introduced as
‘Glacial Earthquakes’ in Ekstrom et al. (2003). Two reasons postulated for this
movement were increased water pressure and weakened till, both occurring underneath
glaciers. To better understand the dynamics behind these glacial earthquakes, the authors
suggested the use of GPS and broadband seismology. Note the relatively recent
introduction of this research area. In an annual review paper published a few years later
by two of these authors, glacial earthquakes were attributed to calving events in which the
resulting iceberg collapses against the calving face. However, they did admit that this only
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partly explained the seasonal variation of glacial earthquakes, since surface melt induced
acceleration could also “promote earthquake occurrence.” (Nettles & Ekström, 2010). In
a review paper by Irvine-Finn et al. (2011), meltwater reaching the bed of some glaciers
could result in increased fractures creating a “fracture-based glacier hydrology with
unknown consequences upon ice dynamics.” For other glaciers, there could be an
increase in surface to bedrock water transfer, facilitating a transfer of ice mass to melting
elevations. Also, both history and models show that in warming conditions, an increase in
the release of unconsolidated sediment from underneath glaciers is expected (Irvine-Fynn
et al., 2011). In a review paper by Chu, some research has shown that basal sliding tends
to occur early in the melt season possibly due to an inefficient drainage system, but
diminishes later in the season possibly due to an adjusted, more efficient drainage system
(Chu, 2014). This creates an opportunity to use GLISN data to determine if there is less
seismic activity related to basal sliding through the melt season and validate an evolution
process of the subglacial drainage system.
Understanding how and when water is introduced into the ice sheet-bedrock interface is
important because it can help understand ice mass acceleration to the margins of the ice
sheet. Such acceleration may occur more frequently as the amount of time and area that
supraglacial lakes cover is expected to increase, which could translate into increased sea
level rise. (Sundal et al., 2009; Zwally et al, 2002). Use of seismic data to study supraglacial
lake drainage events could potentially help with the present mystery as to why surface
melt does not match run-off. More surface melting occurs than runs off, so it is
speculated that the ‘missing’ melt water ‘disappears’ into the ice sheet. (Rennermalm et al.,
2013). Satellite remote sensing cannot capture the amount of water within the ice sheet,
so this type of data from within the ice sheet is not counted. Frequency analysis of
seismic arrivals related to supraglacial drainage could reveal a characteristic frequency
content that could help identify the occurrence of such events. Therefore, the use of
seismic data recorded by seismographs at regional distances may also provide a way to
monitor much of the surface melt water that ‘disappears’ into the ice sheet.
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Appendix A: How to get data from GLISN using Matlab

Get needed files
Go to the IRIS website (www.iris.edu)
Click on Data and Software
Select Software
Choose IRIS DMC created and maintained
Download (to a dedicated folder on your flash drive):
irisFetch.m
IRIS-WS (MATLAB users)
You will need 2 additional files not on the IRIS website:
SeismicDataPlot.m
FigureDataPlusLimits.m
Browse GLISN Map
Go to the network’s map (www.iris.washington.edu/gmap/_GLISN)
Choose and click a seismometer station (zoom in first, if necessary)
Click More information (you may need to scroll down to find this)
Look for available instruments/channels by time period (Epoch)
Get the data/figures
Open (double-click) SeismicDataPlot.m (will automatically open Matlab)
Change the Network, Station, Channel, and times as desired for both the trace and the figure
title
Click the Run button
Click on Change Folder (so that your files will be in Matlab’s Current Folder)
The figure should show and you can save it as a .fig file (the data is saved with it) and/or
an image file (for use in a document or PowerPoint)
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Some extra information is listed in the Command window
If you need to extract the data from the figure, type the following at the command
prompt:
For x-axis data: x=get(get(gca,'Children'),'XData');
For y-axis data: y=get(get(gca,'Children'),'YData');
If you then type x and hit enter, all of the x-axis data will be listed.
If you type y and hit enter, all of the y-axis data will be listed.
To save the data, use the following command after extraction:
y=get(get(gca,'Children'),'YData');
save filename -ascii –double
(Type in the name for the file in place of filename; ascii & double are options within
the save command.)
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Appendix B: SeismicDataPlot.m

% make sure the java jar is in the path, this need only be done
once per MATLAB session
javaaddpath('IRIS-WS-2.0.4.jar'); % or equivalent
% Fetch data form IRIS
%
args: Net, Sta, Loc, Cha, Starttime, Endtime
[,quality][,includePZ][,verbosity]
mytrace=irisFetch.Traces('DK','ILULI','*','HHZ','2011-06-19
11:30:00',...
'2011-06-19 17:30:00','includePZ')
% process the data : for example, plot it
% simple example: plot first trace
trace1 = mytrace(1);
sampletimes=linspace(trace1.startTime,trace1.endTime,trace1.sampleC
ount);
plot(sampletimes,trace1.data);
datetick;
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Appendix C: FigureDataPlusLimits.m

%This program can be used to adjust the scale of seismograms that
have been saved as matlab figures
close all
%open('ILULI LargeLakeMediumPeak 143300 to 143500 HHZ.fig');
open('/Users/ejo/Downloads/seismic/matlab figures/December
2013/LargeLake TULEG VHN Channel 0.1Hz 113000 To 173000.fig');
h = gcf; %current figure handle
axesObjs = get(h, 'Children'); %axes handles
dataObjs = get(axesObjs, 'Children') %handles to low-level graphics
objects in axes

objTypes = get(dataObjs, 'Type'); %type of low-level graphics
object
xdata = get(dataObjs, 'XData') %data from low-level graphics
objects
ydata = get(dataObjs, 'YData')
%zdata = get(dataObjs, 'ZData');
sampletimes = xdata;
y = ydata;
%1130=0; 1230=60; 1330=120;
%leftLim = sampletimes(1) +
%leftLim = sampletimes(1) +
leftLim = sampletimes(1) +
%rightLim= sampletimes(1) +
%rightLim= sampletimes(1) +
rightLim= sampletimes(1) +

1430=180; 1530=240; 1630=300; 1730=360
20/(60*24);
0/(60*60*24);
115/(60*24);
40/(60*24);
7/(60*60*24);
225/(60*24);

xlim([leftLim rightLim])

%interval = 1/(60*60*24);
%interval = 10/(60*60*24);
%interval = 5/(60*24);
interval = 15/(60*24);
newXTick=(leftLim:interval:rightLim);
newXTickLabel = cellstr(datestr(newXTick,'HH:MM:SS'))
set(gca,'XTick',newXTick);
set(gca,'XTickLabel',newXTickLabel);
set(gca,'XMinorGrid','on');
%title({'Tidal',[seismometer ' Seismometer'],'HHZ Channel
(100Hz)',[fetchDate1 ' UTC - ' fetchDate2 ' UTC']})
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Appendix D: Frequency and phase response plots
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Appendix E: Response Information in SEED format

#
###################################################################################
#
B050F03
Station:
ILULI
B050F16
Network:
DK
B052F03
Location:
??
B052F04
Channel:
HHZ
B052F22
Start date: 2009,195,00:00:00
B052F23
End date:
2599,365,23:59:59
#
#
+-----------------------------------+
#
|
Response (Poles and Zeros)
|
#
|
DK ILULI
HHZ
|
#
|
07/14/2009 to 12/31/2599
|
#
+-----------------------------------+
#
B053F03
Transfer function type:
A
B053F04
Stage sequence number:
1
B053F05
Response in units lookup:
M/S - Velocity in Meters Per Second
B053F06
Response out units lookup:
V - Volts
B053F07
A0 normalization factor:
+3.46840E+17
B053F08
Normalization frequency:
+1.00000E+00
B053F09
Number of zeroes:
6
B053F14
Number of poles:
11
#
Complex zeroes:
#
i real
imag
real_error
imag_error
B053F10-13
0 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
1 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
2 -1.51500E+01 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
3 -1.76600E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
4 -4.63100E+02 -4.30500E+02 +0.00000E+00 +0.00000E+00
B053F10-13
5 -4.63100E+02 +4.30500E+02 +0.00000E+00 +0.00000E+00
#
Complex poles:
#
i real
imag
real_error
imag_error
B053F15-18
0 -3.70000E-02 -3.70000E-02 +0.00000E+00 +0.00000E+00
B053F15-18
1 -3.70000E-02 +3.70000E-02 +0.00000E+00 +0.00000E+00
B053F15-18
2 -1.56400E+01 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
3 -9.73400E+01 -4.00700E+02 +0.00000E+00 +0.00000E+00
B053F15-18
4 -9.73400E+01 +4.00700E+02 +0.00000E+00 +0.00000E+00
B053F15-18
5 -3.74800E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
6 -5.20300E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
7 -1.05300E+04 -1.00500E+04 +0.00000E+00 +0.00000E+00
B053F15-18
8 -1.05300E+04 +1.00500E+04 +0.00000E+00 +0.00000E+00
B053F15-18
9 -1.33000E+04 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
10 -2.55097E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK ILULI
HHZ
|
#
|
07/14/2009 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
1
B058F04
Sensitivity:
+1.50000E+03
B058F05
Frequency of sensitivity:
+1.00000E+00
B058F06
Number of calibrations:
0
#
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#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
B054F08-09
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

2
+1.00000E+00
+5.00000E-02
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error
0 +1.00000E+00 +0.00000E+00

D
3
V - Volts
COUNTS - Digital Counts
1
0

+-----------------------------------+
|
Decimation
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

3
1.0000E+02
00001
00000
+0.0000E+00
+0.0000E+00

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

3
+4.19430E+05
+5.00000E-02
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error

D
4
COUNTS - Digital Counts
COUNTS - Digital Counts
65
0
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

+6.43711E-14
+6.58258E-08
-7.53118E-07
+6.26743E-07
+2.47069E-06
-3.15256E-06
+5.48240E-06
-7.78113E-06
+5.10559E-06
+3.31568E-05
-2.68238E-04
-3.53056E-04
+6.22489E-04
-1.01006E-03
+1.27276E-03
-1.18431E-03
+5.12697E-04
+9.10091E-04
-3.09045E-03
+5.81107E-03
-8.57787E-03
+1.06344E-02
-1.10399E-02
+8.81308E-03
-3.07778E-03
-4.64808E-03
+1.60170E-02
-3.72088E-02
+5.36013E-02
-7.26163E-02
+8.78551E-02
-9.79276E-02
+9.46782E-02
+8.88891E-01
+1.38422E-01
-1.15331E-01
+9.51158E-02
-7.43198E-02
+5.21264E-02
-3.39684E-02
+1.22831E-02
-1.40239E-03
-5.85837E-03
+1.07618E-02
-1.21488E-02
+1.10276E-02
-8.45663E-03
+5.39437E-03
-2.57072E-03
+4.26728E-04
+8.81093E-04
-1.41391E-03
+1.37928E-03
-1.02993E-03
+5.96299E-04
-3.03778E-04
-2.98773E-04
+3.41094E-05
+5.26981E-06
-8.09269E-06
+5.56459E-06
-2.95383E-06
+2.26184E-06
+7.69085E-07
-7.49759E-07

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00

59

#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06

+-----------------------------------+
|
Decimation
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

4
1.0000E+02
00001
00000
+3.3000E-01
+3.3000E-01

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

4
+1.00000E+00
+5.00000E-02
0

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ILULI
HHZ
|
|
07/14/2009 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

0
+6.29145E+08
+5.00000E-02
0
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#
###################################################################################
#
B050F03
Station:
ICESG
B050F16
Network:
DK
B052F03
Location:
??
B052F04
Channel:
HHZ
B052F22
Start date: 2011,156,00:00:00
B052F23
End date:
2599,365,23:59:59
#
#
+-----------------------------------+
#
|
Response (Poles and Zeros)
|
#
|
DK ICESG
HHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B053F03
Transfer function type:
A
B053F04
Stage sequence number:
1
B053F05
Response in units lookup:
M/S - velocity in meters per second
B053F06
Response out units lookup:
V - emf in volts
B053F07
A0 normalization factor:
+5.71402E+08
B053F08
Normalization frequency:
+3.00000E-01
B053F09
Number of zeroes:
2
B053F14
Number of poles:
5
#
Complex zeroes:
#
i real
imag
real_error
imag_error
B053F10-13
0 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
1 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
Complex poles:
#
i real
imag
real_error
imag_error
B053F15-18
0 -3.70100E-02 +3.70100E-02 +0.00000E+00 +0.00000E+00
B053F15-18
1 -3.70100E-02 -3.70100E-02 +0.00000E+00 +0.00000E+00
B053F15-18
2 -1.13100E+03 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
3 -1.00500E+03 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
4 -5.02700E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK ICESG
HHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
1
B058F04
Sensitivity:
+1.50419E+03
B058F05
Frequency of sensitivity:
+3.00000E-01
B058F06
Number of calibrations:
0
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK ICESG
HHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
2
B058F04
Sensitivity:
+1.00000E+00
B058F05
Frequency of sensitivity:
+3.00000E-01
B058F06
Number of calibrations:
0
#
#
+-----------------------------------+
#
|
Response (Coefficients)
|
#
|
DK ICESG
HHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+

61

#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:

D
3
V - emf in volts
COUNTS - digital counts
0
0

+-----------------------------------+
|
Decimation
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

3
1.0000E+02
00001
00000
+0.0000E+00
+0.0000E+00

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

3
+4.19430E+05
+3.00000E-01
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error
0 +6.43711E-14 +0.00000E+00
1 +6.58258E-08 +0.00000E+00
2 -7.53118E-07 +0.00000E+00
3 +6.26743E-07 +0.00000E+00
4 +2.47069E-06 +0.00000E+00
5 -3.15256E-06 +0.00000E+00
6 +5.48240E-06 +0.00000E+00
7 -7.78113E-06 +0.00000E+00
8 +5.10559E-06 +0.00000E+00
9 +3.31568E-05 +0.00000E+00
10 -2.68238E-04 +0.00000E+00
11 -3.53056E-04 +0.00000E+00
12 +6.22489E-04 +0.00000E+00
13 -1.01006E-03 +0.00000E+00
14 +1.27276E-03 +0.00000E+00
15 -1.18431E-03 +0.00000E+00
16 +5.12697E-04 +0.00000E+00
17 +9.10091E-04 +0.00000E+00
18 -3.09045E-03 +0.00000E+00
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D
4
COUNTS - digital counts
COUNTS - digital counts
65
0

B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

+5.81107E-03
-8.57787E-03
+1.06344E-02
-1.10399E-02
+8.81308E-03
-3.07778E-03
-4.64808E-03
+1.60170E-02
-3.72088E-02
+5.36013E-02
-7.26163E-02
+8.78551E-02
-9.79276E-02
+9.46782E-02
+8.88891E-01
+1.38422E-01
-1.15331E-01
+9.51158E-02
-7.43198E-02
+5.21264E-02
-3.39684E-02
+1.22831E-02
-1.40239E-03
-5.85837E-03
+1.07618E-02
-1.21488E-02
+1.10276E-02
-8.45663E-03
+5.39437E-03
-2.57072E-03
+4.26728E-04
+8.81093E-04
-1.41391E-03
+1.37928E-03
-1.02993E-03
+5.96299E-04
-3.03778E-04
-2.98773E-04
+3.41094E-05
+5.26981E-06
-8.09269E-06
+5.56459E-06
-2.95383E-06
+2.26184E-06
+7.69085E-07
-7.49759E-07

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00

+-----------------------------------+
|
Decimation
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

4
1.0000E+02
00001
00000
+3.3000E-01
+3.3000E-01

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
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#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06

Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

4
+1.00000E+00
+3.00000E-01
0

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
HHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

0
+6.30904E+08
+3.00000E-01
0

64

#
###################################################################################
#
B050F03
Station:
TULEG
B050F16
Network:
DK
B052F03
Location:
??
B052F04
Channel:
HHZ
B052F22
Start date: 2011,118,14:41:00
B052F23
End date:
2599,365,23:59:59
#
#
+-----------------------------------+
#
|
Response (Poles and Zeros)
|
#
|
DK TULEG
HHZ
|
#
|
04/28/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B053F03
Transfer function type:
A
B053F04
Stage sequence number:
1
B053F05
Response in units lookup:
M/S - velocity in meters per second
B053F06
Response out units lookup:
V - emf in volts
B053F07
A0 normalization factor:
+3.48233E+17
B053F08
Normalization frequency:
+4.00000E-01
B053F09
Number of zeroes:
6
B053F14
Number of poles:
11
#
Complex zeroes:
#
i real
imag
real_error
imag_error
B053F10-13
0 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
1 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
2 -4.63100E+02 +4.30500E+02 +0.00000E+00 +0.00000E+00
B053F10-13
3 -4.63100E+02 -4.30500E+02 +0.00000E+00 +0.00000E+00
B053F10-13
4 -1.76600E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
5 -1.51500E+01 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
Complex poles:
#
i real
imag
real_error
imag_error
B053F15-18
0 -1.33000E+04 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
1 -1.05300E+04 +1.00500E+04 +0.00000E+00 +0.00000E+00
B053F15-18
2 -1.05300E+04 -1.00500E+04 +0.00000E+00 +0.00000E+00
B053F15-18
3 -5.20300E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
4 -3.74800E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
5 -9.73400E+01 +4.00700E+02 +0.00000E+00 +0.00000E+00
B053F15-18
6 -9.73400E+01 -4.00700E+02 +0.00000E+00 +0.00000E+00
B053F15-18
7 -1.56400E+01 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
8 -3.70000E-02 +3.70000E-02 +0.00000E+00 +0.00000E+00
B053F15-18
9 -3.70000E-02 -3.70000E-02 +0.00000E+00 +0.00000E+00
B053F15-18
10 -2.55100E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK TULEG
HHZ
|
#
|
04/28/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
1
B058F04
Sensitivity:
+1.49633E+03
B058F05
Frequency of sensitivity:
+4.00000E-01
B058F06
Number of calibrations:
0
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK TULEG
HHZ
|
#
|
04/28/2011 to 12/31/2599
|
#
+-----------------------------------+
#

65

B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

2
+1.00000E+00
+4.00000E-01
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:

D
3
V - emf in volts
COUNTS - digital counts
0
0

+-----------------------------------+
|
Decimation
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

3
1.0000E+02
00001
00000
+0.0000E+00
+0.0000E+00

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

3
+4.19430E+05
+4.00000E-01
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error
0 +6.43711E-14 +0.00000E+00
1 +6.58258E-08 +0.00000E+00
2 -7.53118E-07 +0.00000E+00
3 +6.26743E-07 +0.00000E+00
4 +2.47069E-06 +0.00000E+00
5 -3.15256E-06 +0.00000E+00
6 +5.48240E-06 +0.00000E+00
7 -7.78113E-06 +0.00000E+00
8 +5.10559E-06 +0.00000E+00
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D
4
COUNTS - digital counts
COUNTS - digital counts
65
0

B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
#
#
#
#
#
#
#

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

+3.31568E-05
-2.68238E-04
-3.53056E-04
+6.22489E-04
-1.01006E-03
+1.27276E-03
-1.18431E-03
+5.12697E-04
+9.10091E-04
-3.09045E-03
+5.81107E-03
-8.57787E-03
+1.06344E-02
-1.10399E-02
+8.81308E-03
-3.07778E-03
-4.64808E-03
+1.60170E-02
-3.72088E-02
+5.36013E-02
-7.26163E-02
+8.78551E-02
-9.79276E-02
+9.46782E-02
+8.88891E-01
+1.38422E-01
-1.15331E-01
+9.51158E-02
-7.43198E-02
+5.21264E-02
-3.39684E-02
+1.22831E-02
-1.40239E-03
-5.85837E-03
+1.07618E-02
-1.21488E-02
+1.10276E-02
-8.45663E-03
+5.39437E-03
-2.57072E-03
+4.26728E-04
+8.81093E-04
-1.41391E-03
+1.37928E-03
-1.02993E-03
+5.96299E-04
-3.03778E-04
-2.98773E-04
+3.41094E-05
+5.26981E-06
-8.09269E-06
+5.56459E-06
-2.95383E-06
+2.26184E-06
+7.69085E-07
-7.49759E-07

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00

+-----------------------------------+
|
Decimation
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
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B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06

Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

4
1.0000E+02
00001
00000
+3.3000E-01
+3.3000E-01

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

4
+1.00000E+00
+4.00000E-01
0

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK TULEG
HHZ
|
|
04/28/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

0
+6.27604E+08
+4.00000E-01
0

68

#
###################################################################################
#
B050F03
Station:
ICESG
B050F16
Network:
DK
B052F03
Location:
??
B052F04
Channel:
VHZ
B052F22
Start date: 2011,156,00:00:00
B052F23
End date:
2599,365,23:59:59
#
#
+-----------------------------------+
#
|
Response (Poles and Zeros)
|
#
|
DK ICESG
VHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B053F03
Transfer function type:
A
B053F04
Stage sequence number:
1
B053F05
Response in units lookup:
M/S - velocity in meters per second
B053F06
Response out units lookup:
V - emf in volts
B053F07
A0 normalization factor:
+6.95491E+08
B053F08
Normalization frequency:
+1.00000E-02
B053F09
Number of zeroes:
2
B053F14
Number of poles:
5
#
Complex zeroes:
#
i real
imag
real_error
imag_error
B053F10-13
0 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F10-13
1 +0.00000E+00 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
Complex poles:
#
i real
imag
real_error
imag_error
B053F15-18
0 -3.70100E-02 +3.70100E-02 +0.00000E+00 +0.00000E+00
B053F15-18
1 -3.70100E-02 -3.70100E-02 +0.00000E+00 +0.00000E+00
B053F15-18
2 -1.13100E+03 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
3 -1.00500E+03 +0.00000E+00 +0.00000E+00 +0.00000E+00
B053F15-18
4 -5.02700E+02 +0.00000E+00 +0.00000E+00 +0.00000E+00
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK ICESG
VHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
1
B058F04
Sensitivity:
+1.23582E+03
B058F05
Frequency of sensitivity:
+1.00000E-02
B058F06
Number of calibrations:
0
#
#
+-----------------------------------+
#
|
Channel Sensitivity/Gain
|
#
|
DK ICESG
VHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
#
B058F03
Stage sequence number:
2
B058F04
Sensitivity:
+1.00000E+00
B058F05
Frequency of sensitivity:
+1.00000E-02
B058F06
Number of calibrations:
0
#
#
+-----------------------------------+
#
|
Response (Coefficients)
|
#
|
DK ICESG
VHZ
|
#
|
06/05/2011 to 12/31/2599
|
#
+-----------------------------------+
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#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:

D
3
V - emf in volts
COUNTS - digital counts
0
0

+-----------------------------------+
|
Decimation
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

3
1.0000E+00
00001
00000
+0.0000E+00
+0.0000E+00

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

3
+4.19430E+05
+1.00000E-02
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error
0 -1.22004E-16 +0.00000E+00
1 +3.37278E-11 +0.00000E+00
2 -3.19094E-07 +0.00000E+00
3 +1.26313E-06 +0.00000E+00
4 -1.48491E-05 +0.00000E+00
5 +3.32199E-03 +0.00000E+00
6 +1.08323E-03 +0.00000E+00
7 -6.24046E-03 +0.00000E+00
8 +1.26566E-02 +0.00000E+00
9 -1.57663E-02 +0.00000E+00
10 +9.56762E-03 +0.00000E+00
11 +1.07110E-02 +0.00000E+00
12 -4.56425E-02 +0.00000E+00
13 +8.97523E-02 +0.00000E+00
14 -1.32437E-01 +0.00000E+00
15 +1.55289E-01 +0.00000E+00
16 +8.12371E-01 +0.00000E+00
17 +1.85415E-01 +0.00000E+00
18 -1.40609E-01 +0.00000E+00
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D
4
COUNTS - digital counts
COUNTS - digital counts
31
0

B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B054F03
B054F04
B054F05
B054F06
B054F07
B054F10
#
#
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

19
20
21
22
23
24
25
26
27
28
29
30

+8.97083E-02
-4.24397E-02
+7.14001E-03
+1.21051E-02
-1.69307E-02
+1.27735E-02
-5.86424E-03
+6.45177E-04
+3.48713E-03
-8.53058E-05
+2.29713E-06
-2.25830E-07

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00

+-----------------------------------+
|
Decimation
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

4
1.0000E+00
00001
00000
+1.6000E+01
+1.6000E+01

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

4
+1.00000E+00
+1.00000E-02
0

+-----------------------------------+
|
Response (Coefficients)
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Transfer function type:
Stage sequence number:
Response in units lookup:
Response out units lookup:
Number of numerators:
Number of denominators:
Numerator coefficients:
i coefficient
error
0 +1.55257E-08 +0.00000E+00
1 +3.83840E-08 +0.00000E+00
2 +8.36278E-08 +0.00000E+00
3 +1.61186E-07 +0.00000E+00
4 +2.85529E-07 +0.00000E+00
5 +4.74546E-07 +0.00000E+00
6 +7.49337E-07 +0.00000E+00
7 +1.13359E-06 +0.00000E+00
8 +1.65240E-06 +0.00000E+00
9 +2.33043E-06 +0.00000E+00
10 +3.18934E-06 +0.00000E+00
11 +4.24447E-06 +0.00000E+00
12 +5.50072E-06 +0.00000E+00
13 +6.94779E-06 +0.00000E+00
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D
5
COUNTS - digital counts
COUNTS - digital counts
389
0

B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

+8.55482E-06
+1.02648E-05
+1.19892E-05
+1.36025E-05
+1.49384E-05
+1.57873E-05
+1.58956E-05
+1.49681E-05
+1.26736E-05
+8.65377E-06
+2.53672E-06
-6.04630E-06
-1.74398E-05
-3.19397E-05
-4.97668E-05
-7.10383E-05
-9.57401E-05
-1.23700E-04
-1.54566E-04
-1.87789E-04
-2.22614E-04
-2.58082E-04
-2.93040E-04
-3.26170E-04
-3.56026E-04
-3.81084E-04
-3.99809E-04
-4.10725E-04
-4.12506E-04
-4.04052E-04
-3.84583E-04
-3.53717E-04
-3.11538E-04
-2.58654E-04
-1.96228E-04
-1.25981E-04
-5.01752E-05
+2.84483E-05
+1.06754E-04
+1.81334E-04
+2.48654E-04
+3.05231E-04
+3.47812E-04
+3.73577E-04
+3.80324E-04
+3.66643E-04
+3.32071E-04
+2.77192E-04
+2.03705E-04
+1.14420E-04
+1.32066E-05
-9.51408E-05
-2.05087E-04
-3.10607E-04
-4.05487E-04
-4.83661E-04
-5.39564E-04
-5.68496E-04
-5.66954E-04
-5.32927E-04
-4.66130E-04
-3.68151E-04
-2.42502E-04
-9.45520E-05
+6.86393E-05

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

+2.38619E-04
+4.05933E-04
+5.60615E-04
+6.92738E-04
+7.93010E-04
+8.53373E-04
+8.67573E-04
+8.31665E-04
+7.44416E-04
+6.07567E-04
+4.25942E-04
+2.07374E-04
-3.75593E-05
-2.95984E-04
-5.53346E-04
-7.94183E-04
-1.00299E-03
-1.16518E-03
-1.26799E-03
-1.30143E-03
-1.25903E-03
-1.13850E-03
-9.42156E-04
-6.77031E-04
-3.54804E-04
+8.62953E-06
+3.93852E-04
+7.78887E-04
+1.14038E-03
+1.45492E-03
+1.70052E-03
+1.85800E-03
+1.91236E-03
+1.85399E-03
+1.67957E-03
+1.39265E-03
+1.00391E-03
+5.30922E-04
-2.52846E-06
-5.67484E-04
-1.13129E-03
-1.65940E-03
-2.11733E-03
-2.47284E-03
-2.69802E-03
-2.77130E-03
-2.67912E-03
-2.41727E-03
-1.99172E-03
-1.41887E-03
-7.25132E-04
+5.40520E-05
+8.75864E-04
+1.69230E-03
+2.45280E-03
+3.10721E-03
+3.60890E-03
+3.91778E-03
+4.00324E-03
+3.84652E-03
+3.44262E-03
+2.80142E-03
+1.94798E-03
+9.21916E-04
-2.24110E-04

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

-1.42684E-03
-2.61561E-03
-3.71620E-03
-4.65514E-03
-5.36424E-03
-5.78501E-03
-5.87286E-03
-5.60064E-03
-4.96143E-03
-3.97020E-03
-2.66436E-03
-1.10296E-03
+6.35413E-04
+2.45606E-03
+4.25271E-03
+5.91303E-03
+7.32487E-03
+8.38286E-03
+8.99505E-03
+9.08925E-03
+8.61855E-03
+7.56594E-03
+5.94744E-03
+3.81363E-03
+1.24948E-03
-1.62780E-03
-4.67264E-03
-7.71679E-03
-1.05765E-02
-1.30606E-02
-1.49804E-02
-1.61581E-02
-1.64372E-02
-1.56908E-02
-1.38296E-02
-1.08081E-02
-6.62880E-03
-1.34486E-03
+4.94032E-03
+1.20754E-02
+1.98661E-02
+2.80817E-02
+3.64645E-02
+4.47398E-02
+5.26271E-02
+5.98525E-02
+6.61596E-02
+7.13217E-02
+7.51507E-02
+7.75061E-02
+7.83010E-02
+7.75061E-02
+7.51507E-02
+7.13217E-02
+6.61596E-02
+5.98525E-02
+5.26271E-02
+4.47398E-02
+3.64645E-02
+2.80817E-02
+1.98661E-02
+1.20754E-02
+4.94032E-03
-1.34486E-03
-6.62880E-03

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

-1.08081E-02
-1.38296E-02
-1.56908E-02
-1.64372E-02
-1.61581E-02
-1.49804E-02
-1.30606E-02
-1.05765E-02
-7.71679E-03
-4.67264E-03
-1.62780E-03
+1.24948E-03
+3.81363E-03
+5.94744E-03
+7.56594E-03
+8.61855E-03
+9.08925E-03
+8.99505E-03
+8.38286E-03
+7.32487E-03
+5.91303E-03
+4.25271E-03
+2.45606E-03
+6.35413E-04
-1.10296E-03
-2.66436E-03
-3.97020E-03
-4.96143E-03
-5.60064E-03
-5.87286E-03
-5.78501E-03
-5.36424E-03
-4.65514E-03
-3.71620E-03
-2.61561E-03
-1.42684E-03
-2.24110E-04
+9.21916E-04
+1.94798E-03
+2.80142E-03
+3.44262E-03
+3.84652E-03
+4.00324E-03
+3.91778E-03
+3.60890E-03
+3.10721E-03
+2.45280E-03
+1.69230E-03
+8.75864E-04
+5.40520E-05
-7.25132E-04
-1.41887E-03
-1.99172E-03
-2.41727E-03
-2.67912E-03
-2.77130E-03
-2.69802E-03
-2.47284E-03
-2.11733E-03
-1.65940E-03
-1.13129E-03
-5.67484E-04
-2.52846E-06
+5.30922E-04
+1.00391E-03

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09

274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

+1.39265E-03
+1.67957E-03
+1.85399E-03
+1.91236E-03
+1.85800E-03
+1.70052E-03
+1.45492E-03
+1.14038E-03
+7.78887E-04
+3.93852E-04
+8.62953E-06
-3.54804E-04
-6.77031E-04
-9.42156E-04
-1.13850E-03
-1.25903E-03
-1.30143E-03
-1.26799E-03
-1.16518E-03
-1.00299E-03
-7.94183E-04
-5.53346E-04
-2.95984E-04
-3.75593E-05
+2.07374E-04
+4.25942E-04
+6.07567E-04
+7.44416E-04
+8.31665E-04
+8.67573E-04
+8.53373E-04
+7.93010E-04
+6.92738E-04
+5.60615E-04
+4.05933E-04
+2.38619E-04
+6.86393E-05
-9.45520E-05
-2.42502E-04
-3.68151E-04
-4.66130E-04
-5.32927E-04
-5.66954E-04
-5.68496E-04
-5.39564E-04
-4.83661E-04
-4.05487E-04
-3.10607E-04
-2.05087E-04
-9.51408E-05
+1.32066E-05
+1.14420E-04
+2.03705E-04
+2.77192E-04
+3.32071E-04
+3.66643E-04
+3.80324E-04
+3.73577E-04
+3.47812E-04
+3.05231E-04
+2.48654E-04
+1.81334E-04
+1.06754E-04
+2.84483E-05
-5.01752E-05

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
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B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
B054F08-09
#
#
#
#
#
#
#
B057F03
B057F04
B057F05
B057F06
B057F07
B057F08
#
#

339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388

-1.25981E-04
-1.96228E-04
-2.58654E-04
-3.11538E-04
-3.53717E-04
-3.84583E-04
-4.04052E-04
-4.12506E-04
-4.10725E-04
-3.99809E-04
-3.81084E-04
-3.56026E-04
-3.26170E-04
-2.93040E-04
-2.58082E-04
-2.22614E-04
-1.87789E-04
-1.54566E-04
-1.23700E-04
-9.57401E-05
-7.10383E-05
-4.97668E-05
-3.19397E-05
-1.74398E-05
-6.04630E-06
+2.53672E-06
+8.65377E-06
+1.26736E-05
+1.49681E-05
+1.58956E-05
+1.57873E-05
+1.49384E-05
+1.36025E-05
+1.19892E-05
+1.02648E-05
+8.55482E-06
+6.94779E-06
+5.50072E-06
+4.24447E-06
+3.18934E-06
+2.33043E-06
+1.65240E-06
+1.13359E-06
+7.49337E-07
+4.74546E-07
+2.85529E-07
+1.61186E-07
+8.36278E-08
+3.83840E-08
+1.55257E-08

+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00
+0.00000E+00

+-----------------------------------+
|
Decimation
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Input sample rate (HZ):
Decimation factor:
Decimation offset:
Estimated delay (seconds):
Correction applied (seconds):

5
1.0000E+00
00010
00000
+1.9400E+02
+1.9400E+02
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#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06
#
#
#
#
#
#
#
B058F03
B058F04
B058F05
B058F06

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

5
+1.00000E+00
+1.00000E-02
0

+-----------------------------------+
|
Channel Sensitivity/Gain
|
|
DK ICESG
VHZ
|
|
06/05/2011 to 12/31/2599
|
+-----------------------------------+
Stage sequence number:
Sensitivity:
Frequency of sensitivity:
Number of calibrations:

0
+5.18339E+08
+1.00000E-02
0
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Appendix F: Modified rm_instrum_resp_spcr.m script

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%
%
% rm_instrum_resp_spcr: a script to remove the instrument response
for AVO
% station SPCR, a Guralp 6TD seismometer.
%
% Last update 4/22/2012
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%
% load the raw data
%rawdata = load('spcr_20051105022900_20051105023400.txt');
%rawdata = load('ILULILargeLake141410PeakHHZ');
%rawdata = load('ILULILargeLake141200to143000HHZ');
%rawdata = load('LargeLakeILULIHHZChannel100Hz113000To173000');
%rawdata = load('LargeLakeKULLOHHZChannel100Hz113000To173000');
%rawdata = load('LargeLakeNUUGHHZChannel100Hz113000To173000');
%rawdata = load('LargeLakeTULEGHHZChannel100Hz113000To173000');
rawdata = load('LargeLakeICESGVHZChannel0.1Hz113000To173000');

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% 12 pieces of input needed
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% 1. Sample rate (Hz)
%samplrate = 50;
%samplrate = 100;
samplrate = 0.1;
% 2. Low frequency cutoff (Hz)
%flo = 0.1;
%ILULI, NUUG, KULLO HHZ Channel Low frequency cutoff:
%flo = 0.2;
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%ICESG VHZ Channel Low frequency cutoff:
%flo = 0.01?;
flo = 0.009;
%TULEG HHZ Channel Low frequency cutoff:
%flo = 0.02;
% 3. High frequency cutoff (Hz)
%fhi = 10;
%ILULI, NUUG, KULLO HHZ Channel High frequency cutoff:
%fhi = 20;
%ICESG VHZ Channel High frequency cutoff:
fhi = 0.03;
%TULEG HHZ Channel High frequency cutoff:
%fhi = 20;
% 4. Butterworth filter order at low frequency cutoff (between 2
and 4)
ordl = 3;
% 5. Butterworth filter order at high frequency cutoff (between 3
and 7)
ordh = 5;
% 6. Bad data value (e.g., for telemetry dropouts) - this doesn't
% work for NaN, so you have to change any NaNs to this prior to
% applying these codes
badvals = (-2^-31);
% 7. Zeros for the instrument (rad/s, not Hz)
% zers = 2*pi*...
%
[ -5.03207 ...
%
0 ...
%
0 ];

%ILULI, NUUG, KULLO HHZ Channel Zeros:
% zers = 1*...
%
[ -1.51500*(10^1) ...
%
-1.76600*(10^2) ...
%
-4.63100*(10^2) + i*4.30500*(10^2) ...
%
-4.63100*(10^2) - i*4.30500*(10^2) ...
%
0 ...
%
0 ];
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%NUUG HHZ Channel Zeros:
%(see ILULI HHZ Zeros)
%ICESG HHZ,VHZ Channel Zeros:
zers = 1*...
[ 0 ...
0 ];
%KULLO HHZ Channel Zeros:
%(see ILULI HHZ Zeros)
%TULEG HHZ Channel Zeros:
% zers = 1*...
%
[ -4.63100*(10^2) + i*4.30500*(10^2) ...
%
-4.63100*(10^2) - i*4.30500*(10^2) ...
%
-1.76600*(10^2) ...
%
-1.51500*(10^1) ...
%
0 ...
%
0 ];

% 8. Poles for the instrument (rad/s, not Hz)
% pols = 2*pi*...
%
[ -23.65*(10^-3) + i*23.65*(10^-3) ...
%
-23.65*(10^-3) - i*23.65*(10^-3) ...
%
-393.011 ...
%
-7.4904 ...
%
-53.5979 - i*21.7494 ...
%
-53.5979 + i*21.7494 ];
%ILULI, NUUG, KULLO HHZ Channel Poles:
%
pols = 1*...
%
[ -3.70000*(10^-2) + i*3.70000*(10^-2) ...
%
-3.70000*(10^-2) - i*3.70000*(10^-2) ...
%
-1.56400*(10^1) ...
%
-9.73400*(10^1) + i*4.00700*(10^2) ...
%
-9.73400*(10^1) - i*4.00700*(10^2) ...
%
-3.74800*(10^2) ...
%
-5.20300*(10^2) ...
%
-1.05300*(10^4) + i*1.00500*(10^4) ...
%
-1.05300*(10^4) - i*1.00500*(10^4) ...
%
-1.33000*(10^4) ...
%
-2.55097*(10^2) ];

%NUUG HHZ Channel Poles:
%(see ILULI HHZ Poles)
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%ICESG HHZ,VHZ Channel Poles:
pols = 1*...
[ -3.70100*(10^-2) + i*3.70100*(10^-2) ...
-3.70100*(10^-2) - i*3.70100*(10-2) ...
-1.13100*(10^3) ...
-1.00500*(10^3) ...
-5.02700*(10^2) ];
%KULLO HHZ Channel Poles:
%(see ILULI HHZ Poles)
%TULEG HHZ Channel Poles:
%
pols = 1*...
%
[ -1.33000*(10^4) ...
%
-1.05300*(10^4) + i*1.00500*(10^4) ...
%
-1.05300*(10^4) - i*1.00500*(10^4) ...
%
-5.20300*(10^2) ...
%
-3.74800*(10^2) ...
%
-9.73400*(10^1) + i*4.00700*(10^2) ...
%
-9.73400*(10^1) - i*4.00700*(10^2) ...
%
-1.56400*(10^1) ...
%
-3.70000*(10^-2) + i*3.70000*(10^-2) ...
%
-3.70000*(10^-2) - i*3.70000*(10^-2) ...
%
-2.55100*(10^2) ]
% 9. Inverse gain factor (m/s/count)
%digout = 2.326*(10^-10);
%digout = 6.291450*(10^-8);
%ILULI,NUUG,KULLO HHZ Channel Inverse gain factor:
%digout = 1.589*(10^-9);
%ICESG VHZ Channel Inverse gain factor:
digout = 1.92924*(10^-9);
%TULEG HHZ Channel Inverse gain factor:
%digout = 1.593*(10^-9);
% 10. Frequency at which normalization of the response occurs (Hz)
%digoutf = 1;
%ILULI,NUUG,KULLO HHZ Channel normalization frequency:
%digoutf = 0.05;
%ICESG Channel normalization frequency:
digoutf = 0.01;
%TULEG HHZ Channel normalization frequency:
%digoutf = 0.4
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% 11. Over-sampling rate for accurate instrument response
ovrsampl = 5;
% 12. Intrinsic delay of the system (ms) - zero for minimum phase,
35 ms
% for AVO short period stations w/o antialias filter, 55 ms for
stations
% with anialias filter
idelay = 0;
%Trended & Detrended data (added by E. Orantes & P. Alexander on 912-2014)
plot([0:(length(rawdata)-1)]*(1/samplrate),rawdata)
%offset = mean(rawdata)
%
%

rawdata = detrend(rawdata);
plot([0:(length(rawdata)-1)]*(1/samplrate),rawdata)
%rawdata = rawdata + offset;
%plot([0:(length(rawdata)-1)]*(1/samplrate),rawdata)

% Instrument correct
prcdata = rm_instrum_resp(rawdata,badvals,samplrate,pols,zers,...
flo,fhi,ordl,ordh,digout,digoutf,ovrsampl,idelay);
% make a figure with maximum screen extent
scrsz = get(0,'ScreenSize');
figure('Position',[1 scrsz(1) scrsz(3) scrsz(4)])
fsize = 24;
plot([0:(length(prcdata)1)]*(1/samplrate),prcdata*(10^6),'LineWidth',2)
%axis([0 300 -6*(10^0) 6*(10^0)]); hold on
%axis([8100 11700 -6*(10^0) 6*(10^0)]); hold on
%axis([9900 10800 -6*(10^0) 6*(10^0)]); hold on
%14:30:33 - 14:31:33
%axis([10833 10893 -6*(10^0) 6*(10^0)]); hold on
%14:54:45 - 14:55:45
%axis([12285 12345 -6*(10^0) 6*(10^0)]); hold on
%14:33:20 - 14:34:20
%axis([11672 11732 -6*(10^0) 6*(10^0)]); hold on
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%15:10:30 - 15:11:30
%axis([13230 13290 -6*(10^0) 6*(10^0)]); hold on
%xlim([13230 13290])
%15:24:30 - 15:25:30
%axis([14070 14130 -6*(10^0) 6*(10^0)]); hold on
%xlim([14070 14130])
%14:46:00 - 14:47:00
axis([11760 11820 -6*(10^0) 6*(10^0)]); hold on
set(gca,'Fontsize',fsize,'FontWeight','bold');
xlabel(' Time (s) '); ylabel(' Particle velocity (\mum/s) ');
%title(' Broadband (blue)/Short-period (red) Comparison ')
title({' Instrument Response Corrected ','ICESG Seismometer','VHZ
Channel (.1Hz)','14:46:00 - 14:47:00 UTC'})
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Appendix G: How to get instrument response information from IRIS

From the GLISN network map (http://www.iris.washington.edu/gmap/_GLISN) I
clicked on the station of interest, clicked on ‘More information’ in the resulting
information box, and selected a channel for the instrument of interest. The instrument
response graph is found by scrolling all the way to the bottom of the page under the
section ‘Frequency and phase response plot.’ These graphs were compiled and are
available in Appendix D. The response information is also available in the SEED format.
To get this information, the steps are the same as for getting the ‘Frequency and phase
response plot’ as just described except that instead of scrolling to the bottom of the page
after clicking on a channel, RESP is clicked from the Channel section near the top of the
page. The SEED response information used in this thesis is available in Appendix E.
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